Xerosis and hydration of the stratum corneum were evaluated in 60 hemodialyzed patients. Xerosis and a low capacitance of the stratum corneum were evidenced in more than 80% of the patients. Pruritus was present in two third of the subjects. We failed to disclose any significant relationship between severity of these three parameters.
The aim of this study is to revisit the possible relationships between the structure of the stratum corneum, its hydration, and the intensity of pruritus in patients under chronic hemodialysis.
MATERIAL AND METHODS

Subjects
Sixty Caucasian patients with chronic renal failure were included in this study. They were aged 49 ± 11 years (range 21-77) and were under hemodialysis for a cumulative period ranging from 1 month to 18 years. These patients had no sign of dermatitis such as eczema.
Evaluations of Capacitance
The hydration of the stratum corneum is proportional to its electrical capacitance [7] [8] [9] . We measured the capacitance of the deep part of the stratum corneum by means of the Corneometer ® CM420 (Courage-Khazaka, Köln, FRG). The mean of four evaluations was recorded. These evaluations were made on the forearm before dialysis sessions when the patients were at rest in a room with constant temperature (20 ± 1 °C) and humidity (RH 43 ± 2%). A few evaluations made during and after dialysis sessions were not significantly different from those of the main study. They are not further considered in this work.
Evaluations of the Structure of the Stratum corneum
Rating xerosis ('dry skin') is possible by cyanoacrylate skin surface strippings [10] [11] [12] [13] . Samples were taken from the forearm according to a procedure previously described in details [11, 12] . In short, a drop of cyanoacrylate adhesive (Loctite 495) was deposited on a plastic film (terephthalate polyethylene, Melinex O®, ICI plastics) and pressed firmly on the skin. After 30 s the material was gently lifted, removing a thin sheet of stratum corneum. This material was then stained with polychrome multiple stain (PMS, Dermatologic Lab. suppl., Council Bluffs, USA) during 3 min to rate microscopically the degree of xerosis. Grade 1 referred to discrete hyperkeratosis restricted to the primary lines of the skin, grade 2 was attributed to hyperkeratoses involving less than 30% of the skin surface, and grade 3 corresponded to hyperkeratoses extending over 30% of the skin surface.
Representative samples of the different grades were coated with gold-palladium and examined by scanning electron microscopy.
Fig. 1. Macrophotographic aspect of the surface of the skin in grade 3 xerosis of hemodialysis (a) compared to a normal stratum corneum (b). Xerosis is characterized by the presence of flaky clumps of corneocytes.
Evaluations of Pruritus
The subjective assessment of pruritus by the patient was rated as severe ( + + ), moderate (+) or absent ( O ). This information was not further measured into details due to the extraordinary lability of this symptom.
Statistical Analysis
The relationship between xerosis, capacitance and pruritus was evaluated by the χ 2 test.
RESULTS
Xerosis was variable among the patients, and was rated from grade 1 to grade 3 ( fig. 1, table 1 ). As seen by scanning electron microscopy, the superficial layers of the stratum corneum were rough when rated grades 2 and 3. Irregular flakes and clumps of corneocytes were lifted all over the surface of the skin ( fig. 2) . Pruritus was localized with no predilection areas, or was generalized. It was fluctuant in time, related or not to the moment of dialysis session. It was also variable in intensity, ranging from absent to moderate and severe, about ⅓ of the patients being included in each group (table 1) . Capacitance ranged from 57 to 99 units, corresponding to a mean value of 75.6 ± 10.2 (tables 2, 3).
There was no significant relationship between the intensity of xerosis and pruritus (table 1 ; χ 2 =6.52). Moreover, no relationship was found between, on the one hand, the intensity of pruritus or the degree of xerosis and, on the other hand, the values of capacitance of the stratum corneum (tables 2, 3).
Clinical data regarding age, sex, nature of renal disease and routine laboratory analyses were unrelated to the presence and severity of xerosis, pruritus and low capacitance findings. Cumulative duration of hemodialysis was, however, directly correlated to the xerosis intensity while it had no apparent influence on low capacitance and itching (table 4). 73.3 ± 10.1 
Fig. 2. As seen by scanning electron microscopy xerosis of hemodialysis is due to the uneven cohesion between corneocytes. Some of them are lifted up on their margins to form scales. The surface of the skin is rough, (a, x 69; b x 275) compared to a normal-looking stratum corneum (c × 69 ; d × 275).
DISCUSSION
Compared with our previous experiences dealing with 'normal' skin and seasonal xerosis [12] [13] [14] , the present data indicate that patients under maintenance hemodialysis have both a rough stratum corneum and apparent low water content. We however failed to confirm any significant relationship between severity of xerosis, degree of hydration of the stratum corneum and intensity of pruritus as suggested by other authors [1, [4] [5] [6] . In normal skin, flat corneocytes adjoining their margins form superposed sheets with a smooth surface [10, 12] . At the opposite, xerosis of hemodialyzed patients is characterized by an uneven adhesion of corneocytes resulting in the formation of flaky clumps of cells giving a rough aspect to the skin surface. This is probably associated to an altered rate of formation and elimination of corneocytes [15] .
The evaluation of capacitance is only reliable if there is a close contact between the probe and the skin surface. This is not secured in xerosis where we have shown the rough presentation of the stratum corneum. Any decrease in capacitance in these circumstances [4] [5] [6] should be looked at with caution, and may well be an artefact unrelated to a true decrease in the water content of stratum corneum.
The lack of close relationship between xerosis and pruritus in hemodialyzed patients recalls other xerotic conditions genetically related or induced by environmental aggressions which are not pruritic. Therefore, we are inclined to consider the dialysis pruritus is likely associated with several other factors [5, 6, [16] [17] [18] [19] which are not yet identified with certainty. Among these possibilities, a series of controversies arose over the years concerning the relationship between pruritus, divalent ions and PTH serum concentrations, histamine levels, vitamin A accumulation, and mast cell hyperplasia.
